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=HIXD ORISICE PLATES

By Jaok M. Illelsen
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Determlnatione of -al-flow quaatity have been made
in front of and behind three orifice plates to determins
the errors introduced In the quantity measurements by the
turbulence behind the orificse plates. B’or the orlficd
platee te8ted, the results showed that the measurements
must be taken 40 to 60 hole diameters downstream from the
plates to Ineure accuracy. A teudancy for the Indicated
static pressnre to rtee during the “decay of the turbulence
was found. In all oaaee, the indicated total pressure
dropped during the decay of turbulence. “

IMTEODUCTIOE

Orifice plates have oome into general use for emulati-
ng radiators and other reaiatance elements in atudiea of
air flow in cooling ducts. Although orifice plates have
the adra~tage of much lees tacale.effect than screens used
for this purpose, the large-soale turbulence than.tthey ln-
trcduce interferes with the measurements of velocity and
pressure loss whea these measurements must be made close
behind the plate. The purpose of the present Invoetigation
oonrluotecl at Sangley Memorial ”Ae+onautioal Laboratory wam
to determine the vartation of the magnitudes of the “error*
h the meaouremente of velocity and pressure lose with
diatanoe of the measuring tubea”behind the”orifice plate.
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Q. atr-flow quantity measured la fromt of orifice pl=te

Qi ai~flow quantity meamare.d behind oriftce plate
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dyaamis preesure at statton upstream of orifice plate

static. pretssure at station upstream of orifice plate
.. “

total pressure at,upOtmkeam faoe of orifice plate

iadlcated static pressure at station behind orifice
plate

indiaated total presuure at Btatton behind orifice
plate

APPARATUS AHD METHODS

The duct ayiatamused in the teata is shown diagram-
matically in figure 1. It consistet of a uniform rectan-
gular teat aeatlon of sheet metal, with a large wooden
bell at the idet and an cxpandtng pessage at the. outlet
leading to a variable-speed blower. The veloclty of the
entering air flow was meaeured by means of a network of
statio-pressure and total- ressure tubes” placed in the

Ythroat of tbe bell (fig. 2 . A similar network of tubes
(fig- 3) wae used for the down fltream measurement, which
-were made at t ree different distance~ from the orifice
plate: 9%, 20!, and 27$ inches, as indicated in figure 1.
The airspeed was about 67 feet per second for all tests.
All pressures were recorded simultaneously by means of a
100-tube photographic manometer.

Zhe three orifice “plates tested, whioh are designated

$L
ori ice plates 1, 2, and 3 (figs. 4, 50 and 6), were made
of ~e- Inch steel plate, with punched ~-inch or &-inch
holes. No effort was made to round off the edges formed
by the punch, T.heae edges faced upetreem for orifice
platea 1 and 2 and downstream for orifice plate 3. The
directiou in whlah the edges faced, however, produced no
appreciable effect on the pressure-drop coefficient aocozd-
ing to reference 1. Or~fice plate 3 had a design preasure-
drop coefficie~t of 2.6 (refereme 1). The other two
plates had design pressure-drop coeffiaieats of about 6.0
but differed In hole diameter. The characteristics of the -
three orifice plates are summarised In the followlng table:
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“ ..?)ri$ico open area ‘d56@ :coeffidient “ Me*.cured

plate. to frorital .*%ameter tfrom:fig. 7 of preeaure-drop
.. .. . “(tik, ) .:area “ “. _ reference 1) Ooeffiutent
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. . . . ..In flgu+e 7 ths ratio of the atr-flow quantity
- .in@icq}e@. by the measurement behind the orifice plate to
the true.air-flow quaqtity indioated by the measurements
in froiii..of the “o:r.ifloe plate QI/Qo” ifJ plotted againnt

. . .“ dl.stance behind the orifice plate. Simple. arithmetic
“ a~bragee”of” the..indlcated yelocltiee were used in comput-
‘{lag these air~flow quantities, Rith orifice plate 1,
which had the highest pretanure drops Qi wae 16 percent “

.- ‘Z.”too.high“when”measured ~. inchee behind the plate and 5
percent too high at 2X inches behind the plate. With
orifloe plate 3, which had the lowest pretaeu~e drop, Qi

qas too” hi.~h b~ 7.percent and 2.5 percent- reepectlvelys
at tlieeetwo statioi.s. It.is likely that at leaet part

‘.qf~th”e errpr at[the downstream station is due to the
.absenoe of meaeuring”ttibes in the low-velocity boundary
I+yer-alo-?g. the wall. This error did not exist in the... ..
rneaeur”ernent.,of Q. beoause the boundary layer at the bell

throat wae ‘very thin.

It appears, then; ’that for. orifice platee of the type
investigated, air-flow quantities measured behind the
plate w*11 be consid~rably too high unlesb the measuring
tubes are between 40.aud 60 hole dlametere downstream from
the’.@late; Zhis Ieqgth of.duct will hardly be available,..
however%,.qnl,ees,the oz$?lc”eeare smaller than those used
in these teetqw”.”-~orexample, if scale affect Is negligible,
~-inch orlfioae would Be satisfactory in a full-scale sim-..
ulated ethyleneaglyool ra~iator duet. ~or this case, the
.o~ifice plate would;bq placed where the front face of the
radiator yould be “and the measuring tubee would be placed.:.
10 or 12. irich~a”farthe~ back,:wher~ the rear face would be.

.. .. “

.Ia figures 8, 9, and 10 the pressure-drop coefflciente~
&k &etermined from the readings of both the static-pressure
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tubbb and ‘t”ho”t; tal-prsssur~ tubes; are plottod a~ainet
dlstag’ce bahind tho orifiae plata~ Behiqd orifica plates
1 and 2* the rneamnreti-mtatte proaauro pi tends to in-

oreaao along the passage”; the premsure drop determined
from the statlo-presnuro measurement owrespondlngly
decreaaee. At last part of this statio-pressure rise
1s due to a tranaformatlon of ● portion of the random
kinetio energy to stat~~ pressure during the deoay of the
turbulenoec

The measured total preeaure %~ deareamee along the

passage9 and the pressure drop determined from the total-
pressure measurements eorrespo~dingly inoreases, Rere,
again, part of the effect is due to the deoay of the tur-
bulence. The decqeaee In the measured total preestare Is
due to tliefollowing” factors: IMrat, the readingn of a
total-pressure tube in a turbulent flow are increased by
a dynamic pressure based on the mean square of the turbu-
lent velocitie~ (referenoe 2); and, second, this dynamic
pressure is no* entirely recovered as total pressure dur-
ing the decay of the turbulence. The two types of pressurs-”
drop determination nearly agree where the error in the
measurement of the air-flow fauantltybecomes mall - that
ia, at 40 to 60 hole diameters downstream from the orifice
plate,

It will be noted that the relat~ve errors in the
pressure-drop determination were, at least *or orifice
plates 1 and 2, less than the errors in the determination
of the air-flow quantity. Thus. the maximum difference of
the pressure-drop ooeffioients measured behind the orifioe
Elate is only about 5 percent of their mean value in fi-
~res 8 and 9-and

1. Measured
cent too high If
diameters behind

about-Ei percent in figure 10,

OOEOLUSIOE8

air-flow quantities may be 10 to 15 per-
the measuring tubas are 15 to 20 hole
an orlfioe plate. A d%mtance of 40 to 60

hole diameters muot be uoed for aeouraoye

2. Pressure drops as determined from total-pressure-
tube readings Increase with distance of the tubes from the
orifice plate; pressure drops am determined from atatle-
preaeure-tube readings tend to deorea~e with diatanee of
the tubes from the orifice plate. ?or the orifice plates
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9 -------- ,toated. .,the..tw,o nressur-e drops become nearly equal at 40-,. ...
to 60 hole dlametere behind the plate, where the Intensity
of the turbulence in the air flow ie greatly decreased.

*

T Langley Memorial Aeronautical Laboratory,
4 National Advisory Oommittee for Aeronautics,

Langley Field, Vat
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Figure 4.- Orifice plate 10
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Figure 5.- Orifice plate 2.
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Figure 6.- Orifice plate-3.
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